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Title: _ Apparatus and method for manufacturing or working optical
elements andmal forming elements, and such-elements.——

—_— —_—

The invention relates to an apparatus for forming or working optical

elements and/or optical forming elements.
The invention further relates to a method for forming or working
optlcal elements and/or forming elements.
Further, the invention relates to optical elements or forming
elements therefor such as molds.
It is known from practice to manufacture optical elements and/or
forming elements such as lenses, spectacle glasses, molds and the like from a
pre-form, manufactured from, for instance, organic or mineral glass which pré—
| form, on a first side, has a substantially flat or shightly concave, spherical
surface with a relatively large bending radius, and. on a secand opposite side,
a convex surface with a relatively small bending radius. The canvexity of, in
particular, the second surface is selected depending on the streﬂgth of the
desired eventual element such as frame, frame curve and glass curve and of
the power of a spectacle glass with respect to myopia (nearsightedness) and
hyperopia. o :
The first surface of this pre-form is milled in a milling machine
suitable to that end, while the pre-form is rotated at high speed and the
central thickness is reduced and a spherical surface is milled away, so that the
radius of the concave surface is reduced. After, approximately, the desired
form is obtained, the resulting surface is ground and polished, in order to
obtain the desired shape and finish. This polishing is done thh a polishing
form which is pressed against the surface and which approximately has the
desired ultimate shape, whereupon optical element and/or polishing form are
rotated relative to each other.
In this known method, relatively much material is removed while

during polishing, each time, the polishing form is to be removed to enable
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measurement 'amd examination of the surface and central thickness,
whereupon, if desired, polishing is continued before the optical element is
removed from the blocker. This is why this manufacturing method is relatively
expensive, labor intensive, time consuming and not always sufficiently
acéurate, Use of a polishing form is then disadvantageous because with it, at
least on a ﬁrsi:.;éide, only symmetrically ground, substantially spherical or toric
surfaces with parabolic or hyperbolic cross sections can be obtained. Further,
this method is not particularly suitable for grinding and polishing highly
concave surfaces.

Further, it is known from practice to use pre-form optical elements
which, on the whole, already have the outer contour of the desired optical
element. Here, both the first (aspherical) and the second surface (aspherical or
toric) are of curved design, and by substantially adding material or removing
through polishing, in the above-described manner, the curvature of the
concave side of the pre-form can be adapted so as to obtain the desired optical
element, particularly intended for nearsightedness or semi-nearsightedness.
For this method too, it holds that it is relatively expensfve and time-consumihg
and, moreover, not always sufficiently accurate, thle furthermore, each time,
mtermedmte measurements are to be performed, during which the element is
to be taken from a holder and the operation is to be stopped. '

In this description, optical elements are at least understood to
include in particular, spectacle glasses and contact lenses but also optical
elements such as lenses for (precision) optics, mirrors and the hke Optical
forming elements are at least understood to include forming elements such as
molds, machining and non-machining forming tools and the like. The optical
elements, optical forming ele’ments and pre-forms thereto may together be
indicated as optical objects. The examples given hereinabove should not be

construed to be limitative in any way.
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The invention contemplates an apparatus for forming and/or
working optical elements and/or optical forming elements, with which at least
a number of the drawbacks of the state of the art can be obviated.

A further object of the invention is to provide such an apparatus

with which optical elements and/or forming elements can be manufactured

~and/or worked in a rapid and reliable manner.

A further object according to the invention is to provide such an
apparatus with which from a limited number of pre-forms, a large number of
different optical elements can be obtained. _

A further object of the invention is to provide such an apparatus
with which indication means, identification means and the like can be
provided.

A still further object of the invention is to provide in an apparatus

with which optical elements, in particular spectacle glasses and/or contact - . . .-

lenses can be made to measure, in particular matching eye dimensions and/or

- frame dimensions.

The invention further contemplates providing r'nethods for
accura tely manufacturing or working optical elements and/or 6ptica1 forming
elements, in particular relatively complex elements in a simple and rapid
manner. ) '

The invention further contemplates providing optical elements
and/or optical forming elements with relatively complex shapes and surfaces.

These and many objects are achieved according to the invention with
the aid of an apparatus, method and optical (forming)element, respecmvely, as
embodied in the claims.

With an apparatus according to the invention are provided:

- a worklng apparatus for forming, at least workxng, surfaces of form

‘parts such as pre-forms, lenses, molds and the like by a mac]nnmg Or,

preferably, an abrasive technique;
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- at least one measuring device with which, when a surface is being
worked, changes in form and/or changes in surface roughness of r,lns surface
can be measured; and

- means for operating the working apparatus on the basis of the measured
changes. _
With an apparatus according to the invention, during workmg of a
surface, instantaneously, in situ, the change in form and/or surface roughness
can be determined by, for instance, measuring changes in thickness and/or in
surface roughness, so that, each time, the working apparatus can be controlled
in a suitable manner for obtaining the desired local change of the respect:ive
surface. As a result, operations can be carried out rapidly and efficiently,
milling, grinding and/or polishing operations can, for instance, be integrated,

the element to be formed needs not be removed repeatedly and/or the operation .

needs not be stopped for carrying out measurements. Moreover, thus, the
advantage is achieved that the element to be formed does not change positions
when it is worked, so that, relative to one initial form, measuring and work1n°
can take place both absolutely and relatively, thereby i increasing the
versatility of the apparatus and the aceuracy of the operations.

Preferably, each time, measuring takes place there where the
working apparatus performs an operation, or in the direct vicinity thereof.
More in particular, a relatively large part of the surface, preferably‘virtually
the entire surface to be worked is measured so that, each time, the form of the
entire surface ‘can be monitored. With this, the advantage can be achieved
that, for mstance changes in form on pos1t10ns where no working takes place
can also be observed and that the Workxng apparatus can take this into '
account when working further. '

With an apparatus according to the invention, preferably, use is
made of light in the measuring device, more in particular interference
measurements and/or scatterometry. In particular with optical elements and

optical forming elements, this hasg proven particularly advantageous since
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refraction and reflection by the optical elements allow interference
measurements and scatterometry particularly well.

With an apparatus according to the invention, preferably, the
working apparatus is provided with at least one jet nozzle ﬁ*om'which, under
pressure, a blasting agent can be dispensed for an abrasive operation such as

' forming and polishing. Such a device can for instance be a jet stream bolishing
device. As a blasting agent, use can be made of a fluid with an abrasive agent
included therein such as oxides, sand, glass, ice, mineral, ceramic, metal, allow
or such particles, which can, for instance, be selected according to whether a
machining property or a polishing property is desired. With such a device,
abrasive operation can be carried out, also locally, in a rapid and accurate
manner, without the respective surface as a whole needing to have a rotational
symmetry. Also, powder jet techniques can be used.

Preferably, the apparatus is provided with a holder for the object to - -
be worked, which holder is at least partly translucent, the measuring device
being arranged for measuring, through the holder and the object, changes in
form, in particular in the surface facing away from the holder. With this, in a
particularly simple manner, measurement of surféce changes can be carried
out on the position where an operation is carried out or in the divect vicinity

_ thereof. The fact is that the light, at least the waves with which the
measurement is carried out, needs not pass the mach:'_ming apprafatus. By
including at least one lens in the holder, in particular a Fresnel lens, the
additional advantage is achieved that the measuring device can be designed to
be particularly small and compact and, as a whole, can measure a relatively
large object through a relatively small holder.

In an apparatus according to the invention, milling means, polishing
means, grinding means and the like can be provided and pteferably a
combination thereof, more in partlcular such that with the different devices,
operations can be carried out on one optical object, without this,

intermediately, needing to be ihtermediately repositioned relative to the
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measuring device. An apparatus according to the invention can be used for
both conventional operations and the working methods described hereinabove.
As a result, rapidly and.efﬁciently, a number of operations can be performed in
sequence.

Use of a jet polishing means offers the advantage that operations on
the surface can be carried out accurately and relatively locally, so that for
instance recesses of limited dimensions can be provided, surface parts of
relatively small sizes can be removed and the like. With an exact measurement
and a relatively simple operation, a desired precision for the respective optical
means can already be obtained. Also, with this, the advantage is achieved that
the optical object and/or the working device such as a milling head, grinding

‘ head or polishing head needs not be rotated for the operation, at least not over

a multiple of 360 degrees, so that non-rotation symmetrical objects can alsobe __ .

formed or worked. v

With an apparatus according to the invention, for instance also a
great variety of multi-focal lenses can be manufactured from a limited number
of pre-forms. The fact is that starting from a standard pre-form, having or not
having an aspherical portion, with the aid of a deirice, material can be removed
locally, so that there, the refraction of the lens can be adjusted, so that a, for
instance, principally negative lens can be made more or less negative or even
positive, or the other way around. As a result of the use of an abrasive device,
in particular a jet polishing device, relatively deep and local recesses can be
provided, with any desired form and size, while with the aid of the measuring
device, each time in situ, th; change in form can be determined and adjusted.

In a comparable manner and with comparable means, also, metal or
glass molds, required for the manufacture of pre-forms can be obtained, at
least worked. . ‘ ‘

It is then preferred, that with an apparatus according to the

invention, also lenses or the like can be made to measure for, for instance, a
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frame of a pair. of spectacles or of an optical instrument. With this, in one
apparatus, lenses can be ready-made to be placed by or for an end user.

Preferably, damping means, at least ﬁbration insulating means are
provided which prevent the measuring device from being affected by vibrations
generate_& by the ‘working apparatus. These means can for instance be active
vibration dam'f)érs, such as low frequency active or high frequency active
dampers, while furthermore, the working apparatus and/or the measuring
device and/or the holder for the object to be worked can be arranged separate
from each other, for instance on one or more robot arms, which are arranged in
a vibration low relation relative to each other.

The working apparatus can be provided with several jet openings for
working different pérts of a surface simultaneously, while the measuring
means are arranged for méasuring the changes in form, at least reductions in
thickness on each of the positions where operations are carried out, and
adjusting, individually or group-wise, the respective blow openings, at least
jets exiting therefrom, for inéﬁance by adjusting flow rate, speed, direction
and/or pressure or such parameters 6f a blasting device,' preferably with

known, specifically defined outflow pattern and surface, in particular a jet
' polishing device. - '

The invention further relates to a method for ﬁvorking optical
elements and/or optical forming elenients, chéracterized by the featuies of
claim 15. - _ .

With such a method, rapidly, simply and accurately, optical objects
can be worked and/or formed.

. The invention further relates to optical objects according to claim 24
or 25. ' |

In the further subclaims, further advantageous embodiments of an
apparatus, method aﬁd optical objects according to the invention are described.

In clarification of the invention, embodiments of apparatus, methods
and optical objects according to the invention will be further described with
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reference to the drawing, which are only shown By way of illustration and
should not be construed to be limitative in any manner. In the Figures:

Fig. 1 shows a cross section of a first embodiment of a pre-form for
an opt1ca1 element; _ .

Fig. 2 shows a cyoss section of a second embodiment of a pre-form for
an Optlcal element;

Fig. 3 shows a cross section of a thlrd embodlment of a pre-form for
an optical element;

Fig. 4 shows a cross section of a fourth embodiment of a pre-form for
an optical element;

Fig. 5 shows, in top plan view, a pre-form or dptical element
according to any one of Figs. 1 — 4, in particular according to Fig. 3 or 4;

Fig. 6 schematically shows an apparatus according to the mventlon
in a first embodiment; ' » _

Fig. 7 schematically shows a part of an apparatus according to the
invention, in a second embodiment;

Figs. 7TA — D schematically show four embodlments of an apparatub
accordlng to Fig. 7;

Fig. 8 schematically shows, in partly cross-sectional side view, a part
of an apparatus-according to-the invention; in particular of a holder with
measuring device and working means;

Fig. 9 schematically shows, in partly cross-sectional side view, a part
of an apparatus according to the invention, in particular of an alternative
embodiment of a holder with measuring device and warking means;

Fig. 10A — E show five configurations of set-ups of a working
apparatus, a measuring device and a holder for an optlcal element or pre form
according to the invention: ' N '

Fig. 11 schematically shows a further alternative embodiment of an

apparatus according to the invention;
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- Fig. 12 shows, in top plan view and cross-sectional side view a first,
male part of an optical forming element, in particular a mold for a contact lens;

Fig. 13 shows, in top plan view, an optical element from which a lens
can be taken, provided with coating and profiles; and

Fig. 14 shows, in cross-sectional side view, an element according to
the line XIV-XIV of Fig. 13. .

In this description, identical or corresponding parts have identical or
corresponding reference numerals. In this description, as examples, mainly
apparatus and methods are described for forming optical objects such as
lenses, more in particulaf ophthalmic objects such as spectacle glasses and
contact lenses, and forming elements therefor such as molds and parts thereof.
However, such apparatus and methods can also be used for other optical
elements, for instance precision optms mirrors and the like. Optical elements
and optical formmg elements will also be further indicated as optical objects.
The optical objects shown in the drawmg have substantially circular aspects.
From them, if desired, final objects such as spectacle glasses can be cut. '
However, the optical objects and the pre-forms therefor can naturally also have
different forms.

In Fig. 1, a pre- -form 1 for an optical element i is shown, in ¢ross
sectlon This pre-form 1 is manufactured from, for instance, transparent
plastic such as polycarbonate or from glass, and has a culved first surface 2
with a first bendmcr radius R1 and a second surface 3, also curved, with a
second bending radius R2. By varying the bending radiuses R1 and R2,
naturally, the power of the pre-form, at least it};e optical element 1 can be
determined and varied. In this embodiment, the first and second surface 2,3
are substantially spherical, at least, have, substantially, a parabola or
hyperbola as cross-sectional aspect, while the first surface 2 is concave and the .
second surface 3 is convex. | '

In Fig. 2, a ﬁrst alternative embodiment of a pre-form 1 according to

the invention is shown, wherein the first surface 2 is substantially flat and the
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second surface 3 is curved, with a bending radius R8 such that this is convex.
Herein, particularly wif:h parabolic or hyperbolic cross sections, bending
radius R is understood to include the local bending radius of a surface segment
in the respective surface 2, 8.

‘Naturally, the first and or second surfaces of the pre-forms shown
can, as desired, be of convex and/or concave design.

In Fig. 3, in cross-sectional view, a third embodiment of a pre-form 1
according to the invention is shown, comparable to that of Fig. 1, wherein,
however, on the second surface, at a distance:A from the apex 4 thereof, an
elevation 5 is provided, a protuberance which is integrally formed with the pre-
form. The height H of this elevation can be selected as desired. It will be clear
that the refraction at the height of the elevation 5 will be different from that of
parts located immédiately next to it of the optical element.

In Fig. 4 in cross-sectional side view, a pre-form 1 is shown,
comparable to that according to Fig. 2, wherein, howew}er, once more, an
elevation 5 is provided on the .second surface 3, at a distance from the apex 4, -
once more with a height H to be selected as desired. _

Fig. 5 shows, in top plan view, a pre-form 1 according to any one of

Figs. 1 — 4, wherein, in interrupted lines, a possible contour 6 of the elevation 5

~ is shown. Naturally, this contour can have any suitable form, as can the cross

section of the elevation, depending on the optical element to be formed.

From a pre-form 1 according to any one of Figs. 1 — 4, an optical
element can be formed by making it to measure with the aid of, for instance,
milling, grmdmg and polishing techniques. From the pre-form 1 according to
Fig. 2 or 4, in a known manner, a large part is then milled away from the side
of the first surface, so that a concave first surface 2A is obtamed as drawn in
Figs. 2 and 4 in interrupted lines. According to the invention, preferably, in the
first surface 2,2A, 2 recess 7 is provided at a distance B from the apex 4A of
the respective surface, so that locally, the refraction of the optical element (the
pre-form 1 and/or an obje‘ct such as a spectacle glass to be formed therefrom) is
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influenced. Naturally, in a comparable manner, instead thereof or in addition
thereto, a recess can be provided in the opposite second surface 3. '

In the embodiment shown in Figs. 3 and 4, the first surface is of
continuous design, i.e. without recess, since on the opposite, second surface 3,
an elevation 5 has already been provided. However, also in these
einbodiments, a recess 7 can be provided, aé scheﬁ:at_:ically indicated by the
broken line 8, for further "mﬂuencing the refraction of the optical element. The
distances A and B can then be selected to be such that the recess and elevation
7, 5 are located directed one above the other, but alsa such, that they are
shghtly shifted relative to each other, for influencing the refraction in a

specific manner.
Use of recesses 7 and/or elevations 5 according to the mvention offer

the advantage that, partlcularly, multifocal lenses such as spectacle glasses

can be manufactured, while moreover, from a partlcularly small number of
types of pre-forms a particularly great variety of lenses can be manufactured,
to measure for the intended use. For mstance, approximately one fifth of the

normally required number of pre-forms can suffice. Naturally, also the.

elevation 5 can be adjusted by removing or addin'g material.

Pre-forms can be worked with standard working methods such as
milling and polishing, but it is preferred that an apparatus according to the
invention be used such as shown in, for instance, Fig. 6, 7 or 11, details of
which are shown in the further Figures.

 In Fig. 6, schematically, an apparatus 10 according to the invention
is shown, with which pre-forms 1 can be worked i in a simple and accurate
manner. This apparatus 10 comprises a table 11 which can be rotated by a
shaft 11 which is driven by a motor 13. The shaft 12 extends through the
bottom of a tray 14, in which it is mounted by way of bearing 15. The table 11

~ extends above the tray 14 and is provided at the top side with a holder 16 as

will be further described, on which, with means suitable to that end, an optical

element such as a pre-form 1 can be secured, for instance with an adhesive
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compound/component In or on the table 11, measuring means 17 are included
with which in situ changes in form and particularly in thickness in the optical
element can be measured. These measuring means will be further elucidated.

For measuring surface roughness and/or changes therein, in an
advantageous manner, use can be made of scatterometry, instead of or in
addition to inté&erencé measurement.

The apparatus 10 is further provided with a working dévuce 18 for .
abrasively working the optical element, in particular in a force- controlled
manner. In particular, as an example, a fluid jet device 19 is shown, in
particular suited for polishing. This device 19 comprises a holder 20 for a
liquid blasting agent 21, for instance a mixture of a liquid such as water and
an abrasive agent such as sand, glass, ice, oxides, mineral, ceramic, metal,

alloys, metal powder, plastic or such blasting agents known per se. The nature _

* and size of the particles, at least of the blasting agent can for instance be

selected according to whether, in particular, a machining property or,

~ conversely, a polishing property is desired. To the holder a duct 22 1s connected

which is connected, via a pump 23, to a jét nozzle 24 with which, under
pressure, a blasting agent 21 can be projected to the optical element for
abrasively work;'ng this, in particular abstracting material therefrom for
forming, for instance, a recess 7, for locally adjusting the bending radius R
and/or influencing the surface roughness. The blasting agent 21 can be
collected in the tray 14 and be returned to the holder 20. Such an device 19
offers the advantage that with it, in an accurate and rapid manner, surfaces -
can be worked particularly locally, for instance for forming recesses 7 with
relatively large depth and small surface, or adjusting elevations 5.

In an alternative embodiment, with the aid of a known powder jet

* technique, the or a surface can be pre-treated. Powder blasting offers the

advantage that with this, in a rapid and simple manner, a relatively rough
operation can be carried out whereafter, in the manner described hereinabove,

the desired form and/or surface roughness can be obtained.
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In Fig. 7, an alternative émbodiment of a part of a jet device 19
according to the invention is shown, wherein a series of jet nozzles 24 is shown,
each connected, via a pump 28, to a holder 20 for blasting agent 21. Between

each pump 23 and jet nozzle 24, a confrol valve or such control member 25 is

‘provided with which, separately, the abrasive process can be adjusted. The fact

is that with the aid of a contr61 unit 26, as shown in Fig. 6 tbo, the pumps 23,
control valves 25 and jet nozzles 24 can be controlled, for instance for
controlling pressure, flow rate, blasting/jet direction and the like. With such a
device a larger surface can be worked more rapidly. To that end, the jet nozzles
24 are fitted on drivable pivot means 27. '
Naturally, groups of jet nozzles 24 can also be driven together. By
adjusﬁng or exchanging the Jjet nozzles 24, the outflow profiles and, hence, the

working surfaces can be adjusted.

In Figs. 7A-D, schematically, four emhodiments of an apparatus - R

acéording to Fig. 7 are shown. ,

Fig. 7A shows an embodiment wherem a matnx of jet nozzles 24 for
instance jet openings, is included in a plate- -shaped part 24A An object 1 to be
worked is arranged beneath it. As appears from the Figure, the jet nozzles 24
have a conical blastxng pattern 24B such that the entire surface of the object 1
is contacted by ‘it. With it, an entire surface can be worked in one go.
Optionally, the part 24A can be adjusted in form to the surface to be worked,
for instance with a comparable elevation or recess, s0 that each time, the
distance between the jet nozzles 24 and the surface remains approximately the
same. The plate 24A can be arranged for rotation about a normal-axis on the
surface or be movable in its own plane (arrow P) so that a random effect can be
obtained. With this, rapidly and simply, an entire surface can be worked.

Fig. 7B shows an embodiment comparable to that sboWn in Fig. 7A,
wherein, however, only one row of jet nozzles 24 is provided in a plate 24A.
The plate 24A and/or the object 1 are moved in the direction P relatively to
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each other for obtaining the desired working. With this, rapidly and simply, a
surface can worked and simple adjustment in the form can be obtained.

Fig. 7C shows an embodiment wherein the jet nozzles are provided
In a plate 24A approximately in ¢oncentric circles. Here, the plate is preferably
movable in two directior;s P1, P2 at right angles to each other, and-pivotable in
two direction Z1, Z2. As a result, a controlled movement of the plate and thus
of the jets 24B over the surface is possible, so that forming the surface can be
carrvied out in a répid, simple and accurate manner. .

Fig. 7D shows an embodiment wherein, in a plate;shaped part 24A,
a series of jet nozzles, individually drivable and adjustable at least in direction
of jet and pattern is provided, so that with plate 24A and object 1 stationary or
nioving relative to each dther, desired surface operations such .as forming and
finishing can be carried out. An advantage is that object and plate need not be
moved.

With each of the embodiments as shown in Fig. 7, 7A - 7D, if desired, |
the jet nozzles can be drivable 1individually or group-wise and be provided with,
for instance, a control valve 25 and/or pump 23, connected to the conf:ol device
26. With this, the pattern of working can be controlled even better.

When the optical object such as the pre-form 1 is being worked, with
the aid of the measuring device 17, each tlme, there where an operation is
carried out with the working apparatus and/or in the direct vicinity thereof,

~ the change in the surface on which the operation is carried out is measured,
preferably continuously To that end, the measuring device is designed as a
contactless measuring device such as an mterferometnc measuring dev1ce A
device can then be used with which the entire surface is measured virtually
completely and in one go, as schematically shown in Fig. 8, or locally, as
schematlcally shown in Fig. 9. Such measuring devices and methods are, for
that matter, known per se and use changes in reflection and waves destroying
or reinforcing each othey, in particular light. Herewifh, in particular, ielative

reductions in thickness of the optical element can be measured during working
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and preferably through the obje.ct, from a side on which no working operations
are carried out. Preferably, the deviée 17 According to the invention is provided
with means for establishing the initial position of the object, in particular the
pre-form 1, on the holder 16, and for determining the original shape .ofthe pre-
form 1, for instance through the use of 3-D position determination, stereo
photography or such methods known per se, 20 that, each time, from the
relative changes in thickness and form the actual thickness and form are
known, at least can be determined. What can be achieved with sucha
measuring device 17 is that during working, the pre-form 1, at least the optical
element needs not be taken from the holder 16 but can be worked in a
continuous process.

In the embodiment shown in Fig. 9, the device 17 is provided with
two transmitter-receivers 28 for light, with which, through the holder 16,

‘preferably of transparent design according to the invention, and the optical

object 1 (the pre-form), light beams 29 can be transmitted and received. The

light beams are at least partially reflected by the surface to Be worked of ﬁhe

optical object 1, in the exemplary embodiment shown the second surface 3, so
that, through interference of the two lightﬁ beams 29A, 29B, fhe changes in
form, in particular the changes in thickness can be determined, while
moreover; the surface roughness can be determined and verified. The
tranfs:i:xittr.er-réc'eix;ersi 28 §én be piirbted about axés'3bA, 29B; éo théf 7the eﬁtife,
surface 3 can be covered. The transmitter-receivers 28 and the nozzle 24 are
driven by the control device 26 with which, on the basis of a desired profile
entered into the control device 26, for each part of the» surface 3, the device 10
can be controlled and can be adjusted in a continuous manner.

In the embodiment shown in Fig. 8, the device 17 is included in a
hollow shaft 12, at least the transmitter-receivers 28. Adjacent the top end of
the shaft, aﬁle—nrsi o£ é.n assembly ;f lenses 31 is arranged, in particular a
Freanel lens 381, with which light of the transmitter-receivers 28 can be
deflected through the transparent holder 16 and the optical object 1. The
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holder 16 is fixed in a known manner, schematically shown by the notches 34
and complementary protuberances 35. The optical object is attached to the
holder 16 in a position retaining manner with the aid of an agent 32 suitable
thereto such as an adhesive paste, while the holder functions as a blocker.
Suitable as an agent 82, but not limited thereto is, for instance, resin curing
under UV-light or due to temperature change. This agent 32 has a known
refractive index, preferably matchmg and more preferably approximately
equal to that of the holder 16. With such a configuration, directly through the
holder 16, which, as a rule, is also indicated as blocker an image of changes in
form and thickness can be obtained of virtually the entxre surface 2 to be
worked in a manner described hereinabove, on the basis of which the working
apparatus 18, schematically indicated by a jet nozzle 24 of a device 19 or a
milling device 36, can be driven.

In Figs. 10 A - E, five possible configurations are given for an
apparatus 10 according to the invention, Wherem at least one of the elements
working apparatus 18, measuring device 17 and/or table 11 with holder 16 is
moveably arranged with the aid of a robot arm. .

- In the embodiment shown in Fzg. 10A, Worlcing device 19, at least
the jet nozzle 24 and the measuring device 17 are disposed on two separate
robot arms 40A, B, while the table 11 with holder 16 is fixedly disposed. The-
robot arms 40 and the table 11 are arranged on the same foundation while
means can be provided for damping and/or compensating vibrations generated
by the working apparatus 18, for instance through vibration dampers in the
foot 41 of the robot arms 40 and/or the table 11, or by active vibration
compensation and/or damping. Such means are sufficiently known.

In the embodiment shown m-mg. 10B, again, two robots are

_provided for measuring device 17 and working device 18 but they are

physically separated from each other and from the table 11, such that
vibrations generated by the working device 18 are not taken over by the

measuring device 17 and/or table 11 or vice versa.
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In thé embadiment shown in Fig. 10C, the measuring device 17 and
the wo‘rking device 18 together are jointly fitted on a head 42 or a robot arm
40. In the head. 42, vibration dampers and/or active vibration compensating
meaﬁs are then included for preventing reciprocél influencing. The table 11 is
then fixedly arranged ' '

In the embodiment shown in Fig. 10D the working device 18 is
attached on a robot arm 40, while the table 11 with the measuring device 17
therein or therebelow is as shown in, for instance, Fig. 8 or 9.

In the embodiment shown in Fig. 10E, the table 11 is attached to a
robot arm. 40 while the working device 18 and measuring device 17 are
attached on a head 42 as shown in F1g 10C, but here the head 42 is fixedly
dxsposed

Fig. 11 schematically shows an alternative embodiment of an
apparatus 10 according to the invention, with which virtually simpiy and .
pfeferably virtually fully automatically, an optical element such as a

" multifocal spectacle glass 50 (only shown by way of example) can be
m’aﬁﬁfacfured from a bre-form 1 as shown in, for instancé, Figs. 1 — 4. With
this apparatus, in a housing 51 are provided, su(':cessiVely, a first working
device 18A in the form of a milling device, a second working device 18B in the
form of a fluid jet device 19, a third working device 18C, a coating and
engraving device and a fourth working device 18D, a polishing device. Here ‘
the holder 16 with at least a part of the measuring device 17 has been 1nc1uded
in a transport means 52, schematically indicated by a trolley, movable over a
rail 53, with which the pre-form 1 can be moved along the workir;g devices
18A - D. However, it will be clear that many alternatives are possible to that
end, for instance a carrousel, while naturally, also the working devices can be
'moved along a stationarily dlsposed table 11 Wlth holdexr 16 and pre- form 1.

' ‘ " In a manner described b heremabove a pre- form 1 is arranged ona
holder- 16, on the transport means 52, above the measuring device 17. The

starﬁqg form and position are determined and stored in a control unit 26,

e ————— .,
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whereupon the transport means 52 is moved into the housing 51, as far as the
first working device 18A. Wit this, if required, the first surface 2 of the pre-
form 1 is worked. A milling device 54 for, substantially, the desired final shape
is pressed into the first surface 2, so that substantially the désired
configuration of the first surface 2A is obtained. Thereupon, the transport
means 52 with the pre-form 1 is moved to the second working device, in which,
with the jet nozzle or nozzles 24 the, optionally, milled surface is polished

~ and/or a recess 7 or other local change in surface is provided. Optionally,

blowmv means (not shown) can be provided for removing grindings, fluid rests

and the like.
In the third working device 18C, means 55 can be provided for

.applying a coating, for instance for obtaining a reflective or, conversely, non-

reflective layer. In this working device 18C, also a blasting device 19 can be
provided with which the applied coating can be removed, at least locally, as

schematically shown in Figs. 13 and 14, for marking of the object 1, for

.1nstance for the purpose of determining position for the opt1c1an or other

-(eventual) user, or for commercial purposes, for mstance brandlng

Flnal]y the fourth working device 18D is provided with a grinding
nstrument 56 for cutting or grinding the pre-form 1 into the desired shape for
obtaining the désired optlcal element 50. This can, for instance, be directly
ready to be placed into a frame. To that end, one of the working devices 18, for
instance the second, 18B, or the fourth, 18D, can be designed for, for instance,
providing attachment holes for screws or other frame parts, grooves in a side of
the lens 50 and the like.

It will be clear that in a working apparatus 10 according to Fig. 11,
other numbers and types of working devices can be provided. For instance, the
coating means 55 can be omitted or the holder can be designed such that
another side of the pre-form can be worked, or both sides. In particular there,
where.p;e~fo1ms 1 are used as shown in Figs. 1 and 8, a particularly simple

holder 16 can be used, in which or on which the pre-form 1 is laid and is
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supported only along the outer contour. Accordingly, the accessibility of the
two surfaces is increased. ’

In Fig. 12, as an example, an optic forming element 60 is shown,
suitable for use when manufacturing lenses, in particular contact lenses. The
male part of a mold is shown. In the forming éurface 61, this is provided with a
spherical surface 62 which is located slightly more elevated relative to phe
forming surface 61. Therefore, with it, while using for instance a female
counterpart with a spherical concave surface, a lens can be formed with
relatively thicker edges and a thinner central part, at least changing wall
thickness. Bu using an éppa.ratus according to the invention, such a forming
surface with elevation can be manufactured particularly accurately and.in a
reproducible manner, at rélatively low costs. Moreover, in a simple manner,
two or more recesses (not shown) can be provided in a surface, in particular the
convex surface of the mold, such that at the concave side of a lens to be formed .
therein, at least two spaced apart elevations are provided. During use, these
elevations serve as positioning elements with which rotation on the eye is
prevented. This is in particular of importance when the lenses are not rotation
symmetrical. ' .

In Figs .18 and 14, in top plan view and in cross-sectional side view,
a lens 50, at least optical element from which a lens 50 can be cut is shown,
provided with a coating 57 with marking points 58 therein and an engraved
name 59, for instance a brand, a type indication or the like. With an apparatus
according to the invention such a marking or branding can simply be provided
i that the thickness of the coating layer can b'e. determined very accurately
and the working apparatus, in particular the blasting device 19, can be driven
such that only the coating is removed and not a part of the surface on 4which
this has been applied. _ |

. With an apparatus 10 acconijng to the invéntion, in particula} as
shown in Fig. 11, virtually instantaneously and from a limited number 6f pre-

forms, an optician or such can manufacture a wide variety of glasses and
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lenses which can be directly placed into a frame. Morxeover, these lenses-can be
mono as well as bifocal and be individually adjusted. Optionally, the apparatus
10, in particular the control device 26 can be designed such that at any
moment the user can observe the progression and/or influence the working.

Naturally, when using, for instance, overmold or undermold
techmques an object 1 to be worked can also be engaged at the peripheral edge
so that both the convex and the concave surface are free to be worked.

It will be clear that with an apparétus according to the invention or
methods or forming elements described herein such as molds for pre-forms or
lenses can be formed and/or worked, for instance for aspherical or toric
adjustments of forming surfaces. Also, differently shaped lenses can be made
to fit an end user with a method or apparatus according to the invention, for
instance individualized and/or to fit a frame.

The invention is not limited in any manner to the exemplary
embodiments represented in the description and.the dra.mng Many variations
thereon are possible within the’ framework of the invention as outlined by the
claims.

For instance, many other types and forms of pre-forms can be
worked with an apparatus or method according to the invention, for instance
colored, hardened or with a different starting forin. Also, reflective layers can
be provided and worked. By varying the angle betweeun the jet of the fluid jet
device and the surface to be worked, the abrasive action can be influenced and
a strongly material-removing or not strongly matenal-removmg or a pohsthg
function for that matter can be obtained. As a result of this too, with an

- apparatus or method according to the invention, any desired working can be
carxried out, which, each time in situ, can be registered and: adjusted.
Customary polishing. means such as polishing heads and polishing pads can be ‘
used in addition to or instead of the fluid jet polishing device, for instance for
rapidly polishing large surfaces, while the blasting device is used for highly

curved and/or irregularly formed and/or locally relatively deep surface parts.
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Also other measuring devices can be used and, for instance, a holder can be
used having specific light-passing openings for the measuring device. As
schematically shown in Fig. 10, the measuring device can also be designed to
be placed above the surface to be worked. For instance, measurement of
thickuess and changes of thickness can then also be measured by reflection on
the opposite surface and/or a surface of the holder. Other means can be
provided for holding the pre-form during 'working, for instance clamping
means. ‘ |

All combinations of parts of exemplary embodiments shown and/or
described here are understood to fall within the framework of the invention as
outlined by the claims.
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